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[Title of the Invention] METHOD OF MANUFACTURING LIQUID 

CRYSTAL DISPLAY PANEL 
[Abstract] 

[Object] There is provided an improved method of 
manufacturing a liquid crystal display panel which does not 
require an injection port as a simplified process of 
injecting the liquid crystal. 

[Solving Means] This liquid crystal display panel is 
manufactured by dropping a liquid crystal 17 within a 
display region of a first transparent substrate 11; bonding 
the first transparent substrate 11 to a second transparent 
substrate 12 under reduced pressure using a main seal 14, 
the main seal 14 including a base resin 14A having 
polymerized and cured molecules as a main component, a seal 
monomer component 14C contributing to the polymerization, 
and a microcapsule 14B containing the seal monomer component 
and melt by heat; returning the bonded first and second 
transparent substrates 11 and 12 back to a normal pressure; 
heating the main seal 14 to melt the microcapsule 14B; and 
polymerizing the base resin 14A to be cured. 

[Claims] 

[Claim 1] A method of manufacturing a liquid crystal 
display panel, comprising: 
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dropping a liquid crystal within a display region of a 
first transparent substrate; 

bonding the first transparent substrate to a second 
transparent substrate under reduced pressure using a main 
seal, the main seal including a base resin having 
polymerized and cured molecules as a main component, a seal 
monomer component contributing to the polymerization, and a 
microcapsule containing the seal monomer component and melt 
by heat; 

returning the bonded first and second transparent 
substrates to a normal pressure; 

heating the main seal to melt the microcapsule; and 
polymerizing the base resin to be cured. 
[Claim 2] The method according to Claim 1, wherein the 
microcapsule has a diameter smaller than that of a spacer 
member ensuring a gap of the main seal. 

[Claim 3] The method according to Claim 1 or 2, wherein 
the main seal is an ultraviolet (UV) curable adhesive 
composed of the base resin formed of denaturalized acrylate, 
and the seal monomer component having a photopolymerization 
initiator, an adhesive reinforcement agent and a reactive 
diluent . 

[Claim 4] The method according to any one of Claims 1 to 
3, wherein polymerizing the base resin to be cured is 
carried out right after heating the main seal to melt the 
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rnicrocapsule . 

[Claim 5] The method according to any one of Claims 1 to 

4, wherein the microcapsule has a melting temperature lower 
than a melting point or a softening point of the base resin. 

[Claim 6] The method according to any one of Claims 1 to 

5, wherein the microcapsule has a melting temperature lower 
than a boiling point of the seal monomer component. 

[Claim 7] The method according to any one of Claims 1 to 

6, wherein heating the main seal to melt the microcapsule 
includes fitting a region for forming the main seal from 
both surfaces of the first and second transparent substrates 
by means of a pair of hot plates, and heating the main seal. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a drop injection 
method which does not require an injection port as a 
simplified process of injecting the liquid crystal, which 
provides the liquid crystal panel without any alignment 
defects near the seal by dispersing microcapsules having a 
diameter smaller than a spacer member among a main seal, and 
breaking the capsule by means of heat right before curing 
the seal to make a base resin and a monomer component such 
as a curable agent mixed so that the monomer component is 
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prevented from being eluted into the liquid crystal. 
[0002] 

[Description of the Related Art] 

When a liquid crystal is injected into a liquid crystal 
panel, there is a method referred to as a drop injection 
method in order to shorten the time required for the 
injection. An invention according to this method is already 
implemented by inventors of the present invention (See 
Japanese Patent Publication No. 1995-159795) . Hereinafter, 
this drop injection method will be briefly described. Fig. 4 
is a view for explaining the drop injection method. First, 
as shown in Fig. 4A, spacer members 3 are sprayed and 
adhered on a first transparent substrate 1 of two 
transparent substrates 1 and 2 which are already subjected 
to alignment treatment. In addition, a main seal 4 composed 
of an adhesive surrounding a display region is formed in the 
second transparent substrate 2, and a liquid crystal 7 is 
dropped into the display region. 
[0003] 

Next, these transparent substrates 1 and 2 are bonded 
to form a panel 6, and as shown in Fig. 4B, a uniform 
pressure is applied to entire surfaces of the panel 6 to 
make the liquid crystal 7 uniformly spread to the edge 
within the main seal 4, a predetermined gap between the 
transparent substrates 1 and 2 is formed, and the main seal 
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4 is cured, thereby obtaining the liquid crystal panel as 
shown in Fig. 4C. 
[0004] 

According to this drop injection method, a time 
required for a process of injecting the liquid crystal is 
significantly reduced compared to the conventional method, 
and only a required liquid crystal can be used, and a yield 
can be enhanced, which can lead to the significant cost down. 
The drop injection method employs a resin cured by the 
polymerization as the main seal 4. 

[0005] 

This resin is composed of two components such as a base 
resin and a monomer component. Among these, the base resin 
is one which is present before it becomes a polymer, which 
is so called a prepolymer, and is cured by photopolymerizing 
by an ultraviolet (UV)ray and constitutes a main component 
of an adhesive resin. In addition, the monomer component is 
composed of a photopolymerization initiator, an adhesive 
reinforcement agent, and a reactive diluent. 

[0006] 

The photopolymerization initiator is a material which 
initiates the photopolymerization and is consumed during a 
reaction. In addition, the adhesive reinforcement agent is 
added to reinforce an adhesive property of the main seal, 
and the reactive diluent is added because it makes the 
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polymerization reaction uniformly proceed without depending 
on a location by reducing a viscosity of the base resin. In 
the above-described process of manufacturing the panel, a 
material already mixed with the base resin and the monomer 
component is used as the main seal 4, and the transparent 
substrates 1 and 2 are pressed and aligned to each other, 
and UV rays are irradiated on the main seal 4. The 
photopolymerization initiator within the monomer component 
initiates the polymerization of the base resin, which is 
photopolymerized and cured, so that the upper and lower 
transparent substrates are bonded to each other . 
[0007] 

However, in the related art, a material already mixed 
with the base resin and the monomer component is used as the 
main seal, and the transparent substrates 1 and 2 are 
pressed and aligned to each other as shown in Fig. 5A, and 
the liquid crystal 7 becomes in contact with the main seal 4 
as shown in Fig. 5B, so that the monomer component 8 leaks 
into the liquid crystal 7, which causes an alignment defect 
of an alignment layer (not shown) near the seal 4 to occur 
during the leakage. In addition, Fig. 5 is a partially 
enlarged view of a section of the liquid crystal panel near 
the seal. 

[0008] 

A molecular weight of the monomer component 8 is close 
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to that of the liquid crystal molecule and has high 
compatibility, so that the leaked monomer component is melt 
into the liquid crystal 7 near the seal 4 . Some of the 
monomer components 8 is apt to be dissociated into ions, 
which is eluted into the liquid crystal 7 so that a voltage 
retention rate of the liquid crystal 7 is degraded, which 
causes decoloration. This phenomenon is more significant 
when dielectric anisotropy of the liquid crystal is higher, 
which is particularly troublesome in the low voltage driven 
liquid crystal which is recently noticed. 
[0009] 

An object of the present invention is to solve the 
above-mentioned problems. 
[0010] 

[Means for Solving the Problems] 

In order to accomplish the above-mentioned object/ the 
present invention provides a method of manufacturing a 
liquid crystal display panel, which includes: dropping a 
liquid crystal within a display region of a first 
transparent substrate; bonding the first transparent 
substrate to a second transparent substrate under reduced 
pressure using a main seal, the main seal including a base 
resin having polymerized and cured molecules as a main 
component, a seal monomer component contributing to the 
polymerization, and a microcapsule containing the seal 
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monomer component and melt by heat; returning the bonded 
first and second transparent substrates to a normal 
pressure; heating the main seal to melt the microcapsule; 
and polymerizing the base resin to be cured. A diameter of 
the microcapsule may be smaller than a diameter of a spacer 
member ensuring a gap of the main seal, and the main seal 
may be an ultraviolet (UV) curable adhesive composed of the 
base resin formed of denaturalized acrylate, and the seal 
monomer component having a photopolymerization initiator, an 
adhesive reinforcement agent and a reactive diluent. In 
addition, polymerizing the base resin to be cured may be 
carried out right after heating the main seal to melt the 
microcapsule, and a melting temperature of the microcapsule 
may be lower than a melting point or a softening point of 
the base resin. A melting temperature of the microcapsule 
may be lower than a boiling point of the seal monomer 
component, and heating the main seal to melt the 
microcapsule may include fitting a region for forming the 
main seal from both surfaces of the first and second 
transparent substrates by means of a pair of hot plates, and 
heating the main seal. 
[0011] 

Subsequently, operation effects of the present 
invention will be described. According to the present 
invention, the seal monomer component contributing to the 



H09-281511.doc 



-9- 



polymerization reaction of the base resin uses the main seal 
encapsulated within the microcapsule melt by the heat, so 
that the seal monomer component is still encapsulated within 
the microcapsule when the first and second transparent 
substrates are bonded to each other so that it is not eluted 
into the liquid crystal. As a result, contamination of the 
seal or the alignment defects of the alignment layer near 
the seal resulted from the elution, or decoloration due to a 
degraded voltage retention rate resulted from the 
contamination of the liquid crystal can be suppressed. 
[0012] 

In addition, the compatability of the base resin and 
the liquid crystal is significantly low, so that it is not 
necessary to perform curing right after bonding the 
transparent substrates so as to prevent the contamination of 
the liquid crystal, thereby enhancing workability. In 
addition, according to the present invention, the diameter 
of the microcapsule is smaller than that of the spacer 
member ensuring the gape of the main seal, so that the 
pressure is not directly delivered to the capsule because of 
the presence of the spacer member when the transparent 
substrates are aligned and pressed to be bonded each other. 
As a result, the seal monomer component can be suppressed 
from being flowed out from the broken capsule. 

[0013] 
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In addition, according to the present invention, the 
main seal is a UV curable adhesive which is composed of the 
base resin formed of denaturalized acrylate, and the seal 
monomer component having a photopolymerization initiator, an 
adhesive reinforcement agent and a reactive diluent, so that 
it can be rapidly cured by irradiating the UV rays. In 
addition, according to the present invention, polymerizing 
the base resin to be cured is carried out right after 
heating the main seal to melt the microcapsule, so that the 
seal monomer component can be prevented from being eluted at 
the seal/liquid crystal interface. 

[0014] 

In addition, according to the present invention, a 
melting temperature of the microcapsule is lower than a 
melting point of a softening point of the base resin, so 
that the base resin can be prevented from being melted and 
eluted into the liquid crystal during a process of heating 
the microcapsule, or the seal monomer component of the base 
resin can be prevented from being smeared out from the base 
resin and eluted into the liquid crystal. In addition, 
according to the present invention, the melting temperature 
of the microcapsule is lower than the boiling point of the 
seal monomer component, so that the seal monomer component 
can be prevented from being evaporated to be bubbles during 
a process of heating the microcapsule. 
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[0015] 

Furthermore, according to the present invention, 
heating the main seal to melt the microcapsule includes 
fitting a region for forming the main seal from both 
surfaces of the first and second transparent substrates by 
means of a pair of hot plates, and heating the main seal, so 
that melting the capsule can be uniformly and rapidly 
carried out, and the unreacted seal monomer component can be 
prevented from being eluted into the liquid crystal resulted 
from inclination to one side or temperature distribution 
within the main seal. 
[0016] 
[Embodiments] 

Hereinafter, embodiments of the present invention will 
be described with reference to the attached drawings. Fig. 
1 is a view for explaining a drop injection method, Fig. 2 
is a cross-sectional view for explaining a state near a seal 
in a method of manufacturing a liquid crystal display panel 
associated with an embodiment of the present invention. And, 
Fig. 3 is a graph illustrating a relationship between a 
softening point and an average molecular weight of main seal 
(e.g., epoxy acrylate) . 

[0017] 

First, a method of manufacturing the main seal used to 
bond the transparent substrate in this method will be 
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described before describing the method of manufacturing the 
liquid crystal display panel associated with the present 
embodiment. The main seal is composed of a base resin and a 
seal monomer component encapsulated within a capsule. 
[0018] 

The base resin is one which is present before it 
becomes a polymer, which is so called a prepolymer, and is 
cured by photopolymerizing using an ultraviolet (UV) ray and 
constitutes a main component of an adhesive resin. In the 
present embodiment, an epoxy acrylate resin is used as one 
kind of denaturalized acrylate. The seal monomer component 
is composed of a photopolymerization initiator, an adhesive 
reinforcement agent, and a reactive diluent. 

[0019] 

The photopolymerization initiator is a material which 
initiates the photopolymerization and is consumed during a 
reaction. In the present embodiment, radical reactive 
cleavage benzoisobutylether or disopropyl ketone is employed. 
In addition, the adhesive reinforcement agent is added to 
reinforce an adhesive property of the main seal, and the 
reactive diluent is added because it makes the 
polymerization reaction uniformly proceed without depending 
on a location by reducing viscosity of the base resin. In 
the present embodiment, any one among 1, 4-buthandiol 
diacrylate (BUDA), 1 , 6-hexandiol diacrylate (HDDA) , 
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diethyleneglycol diacrylate ( DEGDA) , or neopentylglycol 
diacrylate (NPGDA which have 2 functional monomers having a 
low viscosity and a low volatile property is employed. 
[0020] 

The seal monomer component is encapsulated by the 
thermo plastic resin such as poly metha crylacid methyl, 
polystyrene, polyethylene (melting point: 80°C to 110°C) 
using the well known techniques such as an interface 
polymerization method or an in-situ polymerization method, 
so that a microcapsule having a diameter of 1 (ill) to 5 (im is 
formed. This microcapsule is mixed at a rate of 10 to 30wt% 
in the epoxy acrylate in which the molecular weight is 
adjusted (in the present embodiment, average molecular 
weight 2000) so as to make softening point become 110°C or 
more . 

[0021] 

In this case, to make the melting temperature of the 
epoxy acrylate as the base resin become 110°C or more of the 
microcapsule is because the base resin is softened while the 
microcapsule is melt if the softening point of the base 
resin is less than 110°C when the microcapsule is melt by 
heat so that it is eluted into the liquid crystal. 

[0022] 

Fig. 3 is a graph illustrating a relationship between a 
softening point and an average molecular weight of epoxy 
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acrylate. In order to make the melting temperature of the 
epoxy acrylate as the base resin become 110°C or more of the 
microcapsule and prevent the base resin from being softened 
even when the microcapsule is melt, it can seen from Fig. 3 
that the average molecular weight of the epoxy acrylate 
should be at least 2000. Accordingly, it is 2000 in the 
present invention. 
[0023] 

A glass fiber spacer (made by Nippon Electric Glass/6.5 
Hm) for ensuring a gap between the transparent substrates is 
added by 0.05wt% to the mixture between the base resin and 
the microcapsule containing the seal monomer component, and 
an arbitrary amount of volatile dilute solvent (e.g., acetic 
vinyl/boiling point of 73°C) is added thereto and 
sufficiently agitated. After the agitation, the volatile 
dilute solvent is removed by vacuum drying, so that the main 
seal is obtained. 

[0024] 

In addition, a known additive may be added to the seal 
monomer component, if necessary. Hereinafter, a method of 
manufacturing the liquid crystal display panel using the 
main seal will be described. As shown in Fig. 1A, the main 
seal 14 formed by the above-described process is applied to 
the frame using a dispenser (not shown) on the first 
transparent substrate 11 which is already orientated and in 
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which a color filter having a thickness of 1 . 5 Jim (not shown) 
is formed on the surface, and a liquid crystal (e.g., MERCK 
ZLI-4792) 17 is uniformly dropped within the surface by the 
required amount based on the frame area and the cell 
thickness using an electronic valve controlling 
dispenser (not shown). 
[0025] 

In the meantime, an adhesive spacer (e.g. Gum Hayakawa; 
thermal melting type/5 . 0 [im) 13 is sprayed in the alreadly 
orientated second transparent substrate 12 where a drive 
device such as an active matrix thin film transistor (TFT) 
which is not shown is formed, and then fixed by a heat of 
150°C. Subsequently, the first transparent substrate 11 is 
mounted on a lower stage (not shown) within a vacuum chamber 
and fixed by a guide (not shown) . A retention plate (not 
shown) is held between the second transparent substrate 12 
and the first transparent substrate 11, and the second 
transparent substrate 12 is set on the first transparent 
substrate 11. Then, an approximate alignment is carried out, 
and they are fixed by the guide and then aligned. The vacuum 
chamber is then vacuumized and the retention plate is 
removed therefrom, and the lower stage is moved upward to 
make the transparent substrates 11 and 12 aligned. The lower 
stage is moved upward to make the transparent substrates 11 
and 12 aligned until the main seal 14 is sufficiently 
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pressed by a gap (about 10 fim) . 
[0026] 

Subsequently, the second transparent substrate 12 
becomes free from the fixation and the lower stage is moved 
downward to make an atmosphere within the chamber returned 
to a normal pressure, and pressing is carried out until the 
gap between both substrates is a predetermined thickness 
(display part: 5.0 nm, seal part: 6.5 |im) (Fig IB). Fig. 2A 
shows the cross-sectional view near the seal of the liquid 
crystal display panel at this time. In addition, Referring 
to Fig. 2, a reference numeral 18 denotes a color filter 
having a thickness of 1.5 [im, 14D denotes a fiber spacer as 
one example of the spacer member ensuring the gap of the 
main seal. In this case, the seal monomer component 14C 
contained in the main seal 14 is still encapsulated within 
the microcapsule 14B as shown in Fig. 2A, which is not 
eluted into the liquid crystal or the base resin 14A, so 
that contamination of the seal or the alignment defects of 
the alignment layer near the seal resulted from the elution, 
or decoloration due to a degraded voltage retention rate 
resulted from the contamination of the liquid crystal can be 
suppressed . 

[0027] 

In addition, according to the present invention, the 
diameter of the microcapsule is 1 [im to 5 p, which is smaller 



H09-281511.doc 



- 17- 



than the diameter of the fiber spacer 14D, that is, 6.5 ^m, 
so that the pressure is not directly delivered to the 
capsule because of the presence of the spacer member when 
the transparent substrates 11 and 12 are aligned and pressed 
to be bonded each other. As a result, the seal monomer 
component can be suppressed from being flowed out from the 
broken capsule. 
[0028] 

In addition, the compatability of the base resin and 
the liquid crystal is significantly low, so that it is not 
necessary to perform curing right after bonding the 
transparent substrates so as to prevent the contamination of 
the liquid crystal, thereby enhancing workability. 
Subsequently, the first and second transparent substrates 11 
and 12 are accurately aligned, and four sides of these 
transparent substrates 11 and 12 are temporarily fixed. 

[0029] 

The bonded transparent substrates 11 and 12 are heated 
by a pair of hot plates HP1 and HP2 at a temperature of 80°C 
to 110°C (which is dependent on the capsule material) to 
melt the microcapsule 14B. A cross-sectional view near the 
seal in this process is shown in Fig. 2B. As shown in Fig. 
2B, by heating the hot plates HPl and HP2, the microcapsule 
14B is melt so that the seal monomer component 14C is eluted 
into the base resin 14A. 
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[0030] 

In this case, the melting temperature (110°C) of the 
microcapsule 14B is lower than a melting point (130°C to 
140°C) of a softening point of the base resin 14A, so that 
the base resin 14A can be prevented from being melt and 
eluted into the liquid crystal 17 during the process of 
heating the microcapsule, or the seal monomer component 14C 
of the base resin 14A can be prevented from being smeared 
out from the base resin 14A and eluted into the liquid 
crystal 17. 

[0031] 

In addition, the melting temperature of the 
microcapsule is lower than the boiling point of the seal 
monomer component 14C, so that the seal monomer component 
14C can be prevented from being evaporated to be bubbles 
during the process of heating the microcapsule. In addition, 
a region for forming the main seal 14 is fit from both 
surfaces of the first and second transparent substrates 11 
and 12 by means of the pair of hot plates HP1 and HP2 and is 
heated to melt the microcapsule 14B, so that melting the 
capsule can be uniformly and rapidly carried out, and the 
unreacted seal monomer component 14C can be prevented from 
being eluted into the liquid crystal 17 resulted from 
inclination to one side or temperature distribution within 
the main seal. 
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[0032] 

Subsequently, the UV rays are irradiated on the main 
seal 14 to cure the seal right after the process of melting 
the microcapsule is carried out. In this case, it is done 
right after the process of melting the microcapsule 14B by 
heating the main seal 14, so that the seal monomer component 
14C at the interface between the main seal 14 and the liquid 
crystal 17 can be prevented from being eluted. 

[0033] 

After the above-described processes, a liquid crystal 
display panel 16 as shown in Fig. 1C is manufactured. In 
addition, material which is initially mentioned is employed 
as the main seal in the present embodiment, however, the 
present invention is not limited thereto, and another 
denaturalized acrylate instead of the epoxy acrylate may be 
employed as the base resin, and a radical reaction cleavage 
type as the photopolymerization initiator may be employed 
instead of benzoisobutylether or diisopropyl ketone to 
obtain the same effect. 

[0034] 

In addition, poly methacrylacid methyl, polystyrene, 
polyethylene (melting temperature: 80°C to 110°C) are 
employed as the materials of the microcapsule in the present 
embodiment, however, the present invention is not limited 
thereto, and the same effect can be obtained as long as the 



H09-281511.doc 



-20- 



thermoplastic resin has the melting temperature lower than 
the softening point, the melting point, and the boiling 
point of the base resin or the seal monomer component. In 
addition, a thermal melting type microcapsule is used 
instead of destructive pressure type microcapsule in the 
present invention . 
[0035] 

The reason is because when the destructive pressure 
type microcapsule is used, almost the same location is 
broken when the substrate is compressed to cause the seal 
monomer component to eluted in almost the same direction per 
microcapsule so that it is not uniformly spread within in 
the base resin. However, in a case of the thermal melting 
type, there is a high possibility that locations where each 
of the microcapsules is broken are uniformly spread, so that 
the seal monomer component can isotropically flow within the 
base resin to make them uniformly spread within the base 
resin compared to the case of the destructive pressure type. 

[0036] 

According to the present invention as described above, 
the seal monomer component, is still encapsulated within the 
microcapsule when the first and second transparent 
substrates are bonded to each other so that it is not eluted 
into the liquid crystal, so that contamination of the seal 
or the alignment defects of the alignment layer near the 
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seal resulted from the elution, or decoloration due to a 
degraded voltage retention rate resulted from the 
contamination of the liquid crystal can be suppressed. Also, 
the compatability of the base resin and the liquid crystal 
is significantly low, so that it is not necessary to perform 
curing right after bonding the transparent substrate so as 
to prevent the contamination of the liquid crystal, thereby 
enhancing workability. 
[0037] 

Furthermore, in the present invention, the diameter of 
the microcapsule is smaller than the diameter of the spacer 
member ensuring the gap of the main seal, so that the seal 
monomer component can be prevented from being smeared out 
due to a pressure of breaking the capsule when the 
transparent substrates are aligned and bonded by the 
pressing. In addition, in the present invention, the main 
seal is a UV curable adhesive composed of the base resin 
formed of denaturalized acrylate, and the seal monomer 
component having a photopolymerization initiator, an 
adhesive reinforcement agent and a reactive diluent, so that 
it can be rapidly cured by irradiating the UV rays. 

[0038] 

In addition, in the present invention, polymerizing the 
base resin to be cured is carried out right after heating 
the main seal to melt the microcapsule, so that the seal 
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monomer component can be prevented from being eluted at the 
seal/liquid crystal interface. Furthermore, in the present 
invention, the melting temperature of the microcapsule is 
lower than the softening point or the melting point of the 
base resin, so that the base resin can be prevented from 
being melt and eluted into the liquid crystal during the 
process of heating the microcapsule, or the seal monomer 
component of the base resin can be prevented from being 
smeared out from the base resin and eluted into the liquid 
crystal . 

[0039] 

Furthermore, in the present invention, the melting 
temperature of the microcapsule is lower than the boiling 
point of the seal monomer component, so that the seal 
monomer component can be prevented from being evaporated to 
be bubbles during the process of heating the microcapsule. 
In addition, in the present invention, heating the main seal 
to melt the microcapsule includes fitting a region for 
forming the main seal from both surfaces of the first and 
second transparent substrates by means of a pair of hot 
plates, and heating the main seal, so that melting the 
capsule can be uniformly and rapidly carried out, and the 
unreacted seal monomer component can be prevented from being 
eluted into the liquid crystal resulted from inclination to 
one side or temperature distribution within the main seal. 
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[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a view illustrating a method of manufacturing 
a liquid crystal display panel associated with an embodiment 
of the present invention. 
[Fig. 2] 

Fig. 2 is a cross-sectional view for explaining a state 
near a seal in a method of manufacturing a liquid crystal 
display panel associated with an embodiment of the present 
invention . 
[Fig. 3] 

Fig. 3 is a graph illustrating a relationship between a 
softening point and an average molecular weight of epoxy 
acrylate. 
[Fig. 4] 

Fig. 4 is a view illustrating a drop injection method 
in accordance with the related art. 
[Fig. 5] 

Fig. 5 is a view illustrating a conventional problem. 
[Reference Numerals] 

11: first transparent substrate 
12: second transparent substrate 
13: spacer 
14: main seal 
14A: base resin 
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14B: microcapsule 

14C: seal monomer component 

14D: fiber spacer (spacer member) 

16: panel 

17: liquid crystal 
18: color filter 
HP1, HP2: hot plate 
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ms&fc l r Witt % 1 1 % *<- x»b 

fft£S££l&c^4T&^-;l/^yv-j£#^ fid 

as o nrfr* n^ttES i oiHhmk * goes 2 oanis 

r*c fc*^k1-«»»i»/^^©8Ba*tto 

*iW2^W/v-K# fc ft * Sm*8BEfkS!»* 

[W*K5] WET^^o^^-b^KDJSaafttt, go 
E^-XfflBBO*ft^Xtt«jSJ: Dtfi^c fc*tt« J: 

ES/-7lH&yv-jt»o»jiSJ:Dtfft^c 

susni, »««2. rot 3. a**4x«4»*« 
sEttoiRa^/^^isBa^ito 

b«JIB35 1 OgBJfgffi MEM 2 ©*Hgffi<DWffifr e>su 

-e'iibtizc tmmttzmx® 1 , r*jr2. r« 

S3, R»£4. Mf««53»iiS^«6E«0«e^ 

[RWoSHBftWH] 
[000 1] 



( 2 ) MW9-2 8 1 5 1 t 

2 

-Mummcmc &*)t> y*bwm l t*<- Ataii§ 

fc«!ft»Jftif©*/^-«»«rig^'rs«T^yv-fi8 
[00 0 2] 

10 ftHlCJ:oTHfcft2ftTl>5 («fffl¥7-l 5 9 7 9 

B4j4iarFaAtti»t^rjiiMn'r*H-e**o sr. 0 

4(a) ic^-Tcfc -5 Efa»S*Lfc2tIt©iSWaK 
is 2 0-5%OS-©aMSfil^X-^— tf3*fi8*L 

T»*r*. */t, sxtoaws^ttt. amm* 

H«y»»»JJ:»)ftS^-<yS/-;I/4%)BfiELfc»Jc, * 

[0003] yyc, *ne><oaw§gtg k 2*»?)^t) 

^T/^6«SU O^T\ IS 4 (b) lc^r<fc5 
20 /<*;U6<D£ffifcJ3-ft£E#**HJ\ ftATtfjC'f 

^s/-^4rtor*r»ST(r^*teft6^ amiss 

4*BHtr5fc, B4(c) lc&? 

[0004] co*9ftarFftAatj:tifcf, tse*©£ 

»t*n, *iBft««o#**flimtf 

tfft±LT, *(BftaxK^yk:ofttf*o ±E©H 

30 rsMBtja^r^*. 

[0 0 0 5] co*lB(i. ^-XSB^^y^-fiK^fc 
8KLU »#«|gO±ric»J&ftr*>OT**o ^/c, 

Ttm^r^^j. graMCM, Ef&t» 

SR9Jftif^645o 

[0 0 0 6] %fi-&BBJ6»Jtt, *fi^BB»L, JS^^ 

EB<WiBrt J: ?>r^-^ji^*r^^A6t^iiD^nT^ 
^tyv-fig^^i6^L^fecD^^^VS/-;l/4 

^-r >s/-;i/ 4 jcjfi»**iH«r*« r^i:> ^ey 

50 [0 0 0 7] 



3 

*o*ttr*«:, /-rvv'-^fcbT^-xffliigfc-tyv 

-J5E»**a6fi<ffcfe<0«rffiffibTt^OT, 1^5 
(a) fcS-J-i^lcWHWSK 2*»0£tfTffl«£ 
*bfe*. 0 5 (b) IcS* «fc 3 K j&H 7#*J>is- 
*4fc»H-«i: % */v-$#8tf& B s 0 7+tc«fcfib 

faJlOEfW&fc^b^TbSdo ft*\ V 

-;i'2«^i^<*;PoWffi^»»fcfit*bfcH'e* 
SGfi<ffl»tt*iH^0-^ ■Bbfc*yv-<E»ttS/ 
m& 7 wc&mzc t?m& i <o«E«#*jwrF 

U i***ftatftf3feUTbS3i:ii^BHWtbT 
liRWBBfcftoT^fco 

[0 0 0 9] «S«£*WOBgHiS*c«*TiiJ 

So 

[0 0 10] 

Tft*txftt><DT'&oT. fB 1 0»J!rao*3*fR*A 

oaw»«i:*K0^aifii:, &9^fc2ftftfulE 
& 1 ©aWSffifcSlESB 2 oaw^fcfcflrEfcRtx 
Sfc. Bufe^^>^-^^bTsul5^-r^n^7 p "b 
*«8HW*xgfc, ME^-x*K*SdSjSa«r 
■fc*tf*x«i:«rr*c ttWk«W*S'< 

fr&ftSME'C-Xttfifc, XS&NttM. StfttiSft: 
k fr 6ft » U V HftSMff MTft « c k «#« t 1 

a^Rjss-^THfb^^^xsfi, guie^-r >->-;i/* 

SPSft bTlJEv>f * □ ft 7**«8OT*IB©B«c 
fi(ffiv-f jrp*y«fe;l/©}SHfcja«tt, ME"* 
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4 

* A/OHififitt*, ME* > is-flZhm b T «uE v 
ZiffiteJ>i'-)l(D&i£m&&#&zA,T\ burnt* 

c t rmi^-c * n * -j-tiMtimr z c t t r 
»B*«»f *fc<oT**o 

[0 0 1 i] 3l#«(r^ *WK)tt««llfco^T« 
10 TTBBtfto *$BWc«k*itf, ^-x«IB©«#KJS 

sot. MioaffiBfikS2oan»Ek«tto«« 

SKfc: fc^-;!/* / v-*»tt £ 1£vf tut, 

H k 4 SftEfiUf *<Dffi"Rc i Sfe&tf ft if OHH*» 
20 [0 0 1 2] 3: ft, ^-X«fl&k«p^OWi8tttt-H!Ma 
C'>->W8Eft*ff3^«"* l ft<ft*ft», ff*tt*<lft± 

*9t>'h«< bTPSOT. aMWE*fflBfrtfbTffi 
«bTW9^SIRfc, tOE**±X^— •M*Ofipftt 
<£ o TfilS* y-fe;i/fc ttfeb & ft ^<dt\ * y-tMm 
*iT'>-^/^-jS#36«ft*abTbS 3 ct« 

30 [0 0 13] ft*, #«Wfc*^T* ^l^-Mi, 
Btt7*UU-h*r&ft***-X*Bk, JI£££B» 

/ t * 5 ft * mmmftmmmmr^ % 

SR^«*SS«-T « C £ IC X o TfflaicWft?-fr« C £ 6^ 

jgcjs^Tafk^-e-sxstt, ^^>->-^fip*ftbr 

v^*D*y-b;l/*»B'r4XfiO«»tff'5<0t?. > 

40 [ooi 4] ^6(c> *^Wic^v>r> T^^a^y-b 
< bTt^OT*. v^^n*y-b^jgltt©IB<DlipJ»xe 

T^-x^^ig^brffi B s a «^igtiir^ckv. 

bTlp B p^(C^!Ur^O^±t5*^nIfiEtft5o $ 

b r sua* »£-r ^^^«i±-r « w rtb k ft s 0 

50 [0 0 1 5] ^Gt*»ilcl3^T, ^^>->-;U**0 
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[0 0 16] 

v^* d # fcS AS ftfc *>-;lHE:/ v~f£ft t 

[0018] ^-xgtffiii* v*»*yu*yv-fct^ 

%fi£BHte*iJ. KttffifeftM. ££14 
[0 0 19] ftK*M0MB, JtM**|J»*U RIB* 

-ii/©««tt*3Wtr*fc*«cWD**iri^«« s^ 

^'J-h (BUDA) ^, 1. 6 -"N+tJ-VS;*— 
7^yU-h (HDD A) ->'xfl/y^»j3-j^ 
r^'JU-h (DFGDA) W^;l/^IJ3- 

;k>7;l/'Jl/-h (NPGDA) 50*5te»5Btttfffi 

[0020] ±E©->-;^y v-a^^fiLBa^ffi^ 

in-sit ufi^ttftif04jaoa*?rflil^T#y^ 
>*y;MK^f-;k tfyxf-UX *Uxfu> (SBk 

ass or- 1 i or) ft^nwattttKTsb^/i/ 

^^n^y^ ftlbfttfl 1 01CW±fc4*J: 
5 t»HWBLfcxWS/7dr ij h <^-X) 
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«li (**^»T-ti¥i9# : ?S2 0 0 0) ic 1 0-3 
[00 2 1] CC^X»SX^'>7^U U- 

hvmt&z^tujjttfrommm&iDi \ otw 

id. ^-XlttOttfaSL** 1 1 0lCttTTfe4fc. 

£ n * 7-fe;KD8i» JBK*Wb LTLI 

10 [0 0 2 2] B3fc\ x#*^7*yU-h4>¥£#? 

fb^v^^a^y^^o^SiriMT^^sot-i l 

OTUXlC&'K ^^n^^tf^SfcLT&^-X 
o o 0£LT^£ o 

[0023] ti&cD^-xmmt. ->-;i/ty^-fiE» 

(H*«SB?SI/6. 5/im)*0. 0 5wt%l*Q 

mft&mmmm miiat**-)u/m&7 3t) 

[0024] ^ fc. c o (tk (c is i: rmnvmiMm 
msfimco^zmmrzo m i (a) icijvr*?^ 

QfMlCttA (Xfrtm 2 L I -4 7 9 2) 1 7*. 

[0 0 2 5] — ^Bf^TF T (Thin Film Transi 
stor) T^r-r^vhy^^ft^eoBft*?**** 

40 >gX^— y («l|3-AM»SSHIB/5. O/im) 13^r 

»*u 1 5 otoiTii^^o sic, si comm 

Sfil l**4ft^WTXf-'>* (^F0^) tc$g 
«T#-fK (^F0^) T*HS-rs. S2 02WSS1 2 

50 y (-1 0/*m) *TWaWS«l I. 1 2^aEL4 
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[0 0 2 6]^t352(DgWl 2<DB£*ttLT 

O/im. v-;l4P6. 5 fim) fcftS*T*^UX*fir6 
(01 (b) )o C<Dt%<om.&>^)Wi'-)V&®<D 
KiOI9£B2 (a) fc^-To 4*5, H2Jcfc^Tl 8(i 

4rtl^t>t^M/7-fiE»l 4CttB2 (a) 

rcMS*»±*-a*awH&c4*o 

[0 0 2 7] £e>ic, *»Wrc*5l/>T, ^^^n^y-tr 

1 4D<Dg6. 5 /irrictD^/J^O^-p, 1 
1. 1 2*<ftB^LTEaLTWD^3IRte* ^<D 
E^W^DA^;l/i 4 B£ffiSJnfr&4tvD^ 
COEftW*D*^X/l 4 Btf*J*lTL5V\ * 

**#BMIfc4S. 

[0 0 2 8] ^-X»Bll 4k$q m a l 7<9f@*§tt 

tt*<iRi±f«p mzm^rmi. mzvmwwfcx 1. 

1 2© 4 52^(569^*0 

[0029] ^oajiso^^awsfi li, i2*- 

SO*yh^-hHPl, HP2»T80-1 1 

1 4 B£r$Si£-e3o COIiTO->-;WS«SORffi 
d]^02 (b) fcaVTo 02 Cb) 
h7l/-hHP 1, HP2eO4lfl»fcJ;0^^nAy-b 
;H 4 BtfigifcLT. 4 Ctf^- 

xtttigi 4 ArtteS6ffi-rSo 
[0030] c<ot*v>r^n*r-b;i/<oi8aiiS (1 

1 OX) tt, ^-Xfttflg 1 4 AOftfbfiKUIiUl ( 1 3 
0-1 4 OTC) J:D*>te< LT^£<DT\ vY^n^ 

7*«C»ai-r*Cfc^ ^-XSJJIil 4A»fO>'-W 
1 4 Cff^-Xfi!H!l 4 A^6Jft#fflLT» 

[0031] ntt % ^tviiTr-biimw&mi. is 
-;u^y^~5E^i 4C©jfcjft±9tffw!m v-r^ 

4 C««S[ffcLT»}a*^T***Mi±-rsWRlflgi: 
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45. S&fc, Htt©*^h:fU-bHP 1. HP 2T* 

35 1 (ommm 1 i 1?6 2 ojswss 1 2 oke* 

>f 1 4 A,T\ inStf-* d k 

T^Y^nA^H 4 B«8»LT^a<OT> ^^-fe 

; Wo^^^jb>oJia tc ft b * T* £ > *-;U* 

4 COTftHl 7*fcSU*S<D*BSitr*i:k 
10 [0 0 3 2] v>f ^D^y-b/VjgBlSofift 

?f-7o C<DtZ. Mfi'-frl 4*im&LTV-Y*n 

*:/*;n 4 Bz&mtz>xm<D\micft?<oT\ *<< 

>><->i 1 4 /»» 1 7 »iTO->-wy7-a» 1 
4 co»ffl*l»<xkjmilEk4S. 
[0 0 3 3] ±E<Die*3Bfcftfc:, Bl (c) fcjVT 
J:34Mfc**A'l 6JWB«*h*. 4fc\ 

[0 0 3 4] $fc, v4#uij?&i,(0tmt>*mffl& 

08flffift8 0lC~i 1 Ot) 4££JHi>T^* 
<fc *fSHttcftfclBe>-«\ ^-XMBW>$/-;l/-t/v 

[0 0 3 5] cnci s /jaE^H^O^^^n^^-fe;!/^ 
Hv**k, StKEBtaPRfc, v^oA^-fejWcrkfcS 

rtfcJS-lc:ff«&4^c ttttb&bK mmmtit^ 

40 ^-XfflflgrtfciS-fcft£«*fc&T*fc£o 
[0036] 

^a^->-x«o»asa. sfecoaffi»»*«Hk 

4 SSEffi^OiSTtc cfc Sfitt 4 k^B3®*«Utt 
ft»OTT*tfc:4»). ^-x«BkS*S<offl*ttJi 
50 +^^T% KJU^R*K<-BftTaq»«[Ott9* 
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WW:**. 

[0 0 3 73 *JWJfcfco>T % ^*a*r-b 

[0 0 3 8] Sfc, *RWfcfcv^T, 

[0 0 3 9] *»WJcfev>T, v^*nrt:/-fe;l, 
[03] 
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-f\s- h l <D3HJ]£tE£S 2 03SW«S©Wffii)^ 
-?4Zv1j7*)l*i$MLX^%<DX. *^^(D| 

[03] x#*$/7* y i/- vwmTmtmt&t 

CO m&*7r;T ^77T'^ 0 

[04] mtmT&hm*wiw?%mv&z>o 
[0 5] ffle*toBgjBjs&«w-r^HT**&o 

[ft^tKfJJ] 



ii si (ommmm 

20 1 2 S2D39IS& 

1 3 x^— * 

1 4 

1 4 A -<-XSfffi§ 

1 4 B v^^n^y-t;l/ 

1 4 C $/-;l/*>>^-fl# 

l 4 D 7r^Ax^ (X"*— *#) 

1 6 

1 7 jftil 

1 8 ^J7-7^;l/^ 



30 HP 1, HP 2 

[05] 




